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Abstract 
The thermal degradation behaviors and kinetics of five common wooden boards were studied by TG-DTG techniques at different heating 
rates 10K/min, 15K/min, 20K/min, 25K/min and 30K/min in air atmosphere. The kinetic parameters, activation energy, of the degradation 
process for the wooden boards were calculated by means of Kissinger and Coats-Redfern methods. The results show that the whole course 
of pyrolysis of the five wooden boards can be divided into three phases and the main stage’s activation energy of core-boards is the 
highest. It also shows that the results of Kissinger method are higher than Coats-Redfern’s. The causes of the differences between the two 
methods and the probable factors causing errors during the experiment are also discussed. 
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Nomenclature 
A          pre-exponential factor(min-1) 
E          apparent activation energy(kJ/mol) 
)(Df     reacting mechanism function 
k           reaction rate constant   
m          remaining sample weight (kg) 
m0        initial sample weight(kg) 
mĞ         final sample weight(kg)  
R          gas constant 
t            time(s) 
T           absolute temperature(K) 
Tpi            temperature at the maximum weight loss(K) 
Greek symbols 
α           the extent of conversion of decomposed solid at time t 
β           heating rate constant (K/min) 
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1.  Introduction  
     Wooden boards, with its characteristics of small density, easy processing and good durability [1], are widely used in all 
kinds of construction and interior decoration. With the development of the processing technology, after physical or chemical 
reform, more and more processed wooden boards are gradually replacing wood raw materials. Thus they become the main 
fire loads in buildings. Because of the different properties of different wooden boards, studies on the thermal degradation 
procedures in the fire are of instructive significance to analyse fire’s occurrence and evolution. 
    Domestic researchers mainly studied different kinds of log sheets, using the thermal analysis instruments to analyse the 
similarities and differences between the characteristic curves under different experimental conditions which can be used to 
study the effects of experimental conditions. Theyanalysed the pyrolysis process of samples using a kinetic model of one-
dimensional diffusion [2]. Foreign scholars mainly studied the kinetic response model and the calculation of kinetic 
parameters. Kissinger in 1957 studied the chemical reaction kinetics in DTA when nf )1()( DD  , where n is reaction order. 
He published an article in American Analytical Chemistry, named Reaction Kinetics in Differential Thermal Analysis, and 
established the famous Kissinger equation. 
    Using TG and DTG methods, the thesis analyzes the pyrolysis kinetics processes of five kinds of common wooden boards 
under air atmosphere [3], they are density board, core-board, particle board, plywood and pine board. By comparing the 
curves and data, we conclude the similarities and differences of thermal changes among different wooden boards under a 
non-isothermal condition at high temperatures. And by using Kissinger and Coats-redfern methods respectively, we 
calculate the kinetic parameters and further summarize the pyrolysis characteristics of five kinds of wooden boards. The 
statistics above provide some reference when the fire investigatioin department uses thermoanalysis technology for evidence 
identification in fire scene. 
2. Experimental 
2.1. Materials 
    Five kinds of wooden boards are chosen in the experiment. They are density board, core-board, particle board, plywood 
and pine board. 
2.2. Apparatus and condi t ions  
    The TG and DTG analysis for the wooden boards were conducted on a TGA/SDTA851e type thermal analyzer under the 
following conditions: 
gatmosphere: air as reactive gas at a flow rate of 30ml/min; pure nitrogen as protective gas at a flow rate of 30ml/min; 
gsample mass: 4~5mg; 
gheating rate:β=10, 15, 20, 25, 30K/min; 
gtemperature range: from 50ć to 700ć; 
greference material:Al2O3. 
2.3. Kinet ic  methods  
    Differential and integral methods are usually used to calculate the kinetic parameters. Differentiation provides kinetic 
parameters by using a series of given points using local data [4] while integration refers to the overall data within which the 
kinetic parameters are provided by the integral value. 
    The pyrolysis kinetics generally assumes that under adiabatic condition 
)(DD kf
dt
d                                                                                   (1) 
where, for TG the extent of conversion is
f
 
mm
mm
0
0D  and heating rate is 
dt
dT E . 
    Thus Eq. (1) changes to the following form: 
                                DEDED kf
dt
d
dT
d                                                                               (2) 
    According to the Arrhenius equation: 
                   )exp(
RT
EAk                                                                                    (3) 
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    Combining Eq. (2) and Eq. (3) gives the following relationship: 
                )exp()()(
RT
EfA
dT
d  DE
D                                                                           (4) 
    In this article, Kissinger method and Coats-Redfern method were used to study the degradation kinetics of the wooden 
boards. 
    The Kissinger equation and the Coats-Redfern equation are listed, respectively, as follows: 
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where, Tpi is the temperature at the maximum weight loss rate. 
    When plotting ln(βi/Tpi2) vs 1/Tpi, Ek and Ak can be obtained. 
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3. Results  and Discussion  
3.1. Degradation  process  of  f ive  kinds o f  wooden boards  
In order to compare the degradation characteristics of the five kinds of wooden boards, the TG-DTG curves of them are 
showed in Fig.1 and Fig. 2 where the heating rate β=20K/min. 
   The figures above show that the five kinds of wooden boards have similar degradation processes. The shapes of TG 
curves are basically the same, which indicates that the samples’ mass decrease and weight loss rates increase with the rise of 
temperature. However, the temperatures that samples begin to pyrolyze and the temperature ranges of the whole degradation 
process are different. In DTG curves, there are three apparent weight loss peaks which represent the maximum weight loss 
rates of samples in the three stages of reaction. The first weight loss peak is low while the second weight loss peak is the 
highest, and the third weight loss peak is between the two above. So the process of the wooden boards’ degradation can be 
divided into three stages, which are dehydration drying stage (the first peak between70ćand 90ć), rapid decomposition 
stage (the second peak between310ćand 350ć) and slow decomposition stage (the third peak between480ć and 510ć ). 
The second stage is the main phase of the process in which the most of the mass are lost. The characteristic parameters of 
curves are shown in table 1. 
 
 
Fi g .1 . TG cu rves  of  t h e  f i ve  k inds  of  wo od en  boa rds  i n  a i r  a tmosphe r e  a t  20K/min  hea t i n g  ra t e  
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Fi g .2 .DTG cu rv es  o f  t he  f i ve  k inds  of  wood en  boa rds  i n  a i r  a tmosph er e  a t  20 K/min  hea t i ng  ra t e  
 
           Table 1. Characteristic parameters of TG and DTG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    From Table.1, it can be seen that in terms of different onset temperatures, the wooden boards are ranked as follows: pine 
board> core-board> plywood> particle board> density board. Upon the results above, it is obtained that pine wood’s 
degradation lags behind the other four artificial boards and has the best stability. However, the density boards have the 
worst stability and the reaction ability is the best in the early stage. On the other hand, in terms of the carbon residue rates, 
the wooden boards are ranked as follows: particle board> density board> plywood> pine board> core-board. We can obtain 
that pine board lose much mass and suffer severe damage when subjected to high temperature. Among them the carbon 
residue rate of the particle board is the highest among the artificial boards, which means they suffer the lightest damage. 
3.2. Kinetics analysis of wooden boards 
3.2.1. The Kissinger method 
Under different heating rates (10k/min, 15k/min, 20k/min, 25k/min, 30k/min), the characteristic parameters of wooden 
boards at weight loss peaks in the second stage are shown from Table 2 to Table 6.  
 
 
 
 
 
Board type 
Onset 
temperature
˄ć˅ 
End 
temperature
˄ć˅ 
Peak temperature˄ć˅ Weight loss rate˄%˅ 
The second 
stage 
The third 
stage 
The first 
stage 
The second 
stage 
The third 
stage 
Total 
Density board 270.37 544.47 324.2 489.42 2 62.5 29 93.5 
Core-board 302.49 532.58 348.37 491.1 1 76.6 18 95.6 
Particle board 277.3 511.58 315.97 480.74 3.7 64.1 24.8 92.6 
Plywood 290.36 548.95 335.48 503.86 3.7 75 16.1 94.8 
Pine board 313.35 502.81 341.33 480.95 3.3 77.7 14.4 95.4 
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                                            Table 2 Base data of the kinetics of density board 
β(K/min) Tpi(ć) Tpi(K) 1/Tpi(K-1) ln(β/Tpi2) 
10 315.96 589.11 0.001697476 ˉ10.45464075 
15 317.08 590.23 0.001694255 ˉ10.05297438 
20 324.2 597.35 0.00167406 ˉ9.789274139 
25 323.97 597.12 0.001674705 ˉ9.565360372 
30 330.09 603.24 0.001657715 ˉ9.403432873 
 
                                             Table 3 Base data of the kinetics of core- board 
β(K/min) Tpi(ć) Tpi(K) 1/Tpi(K-1) ln(β/Tpi2) 
10 339.22 612.37 0.001633 ˉ10.53208826 
15 339.62 612.77 0.001631934 ˉ10.12792912 
20 348.37 621.52 0.001608959 ˉ9.868603908 
25 349.51 622.66 0.001606013 ˉ9.649125422 
30 351.46 624.61 0.001600999 ˉ9.473057528 
                                   Table 4 Base data of the kinetics of particle boards  
β(K/min) Tpi(ć) Tpi(K) 1/Tpi(K-1) ln(β/Tpi2) 
10 306.21 579.36 0.001726043 ˉ10.421263 
15 311.87 585.02 0.001709343 ˉ10.03524187 
20 315.97 589.12 0.001697447 ˉ9.761527523 
25 318.33 591.48 0.001690674 ˉ9.546379916 
30 321.22 594.37 0.001682454 ˉ9.37380666 
                                           Table 5 Base data of the kinetics of plywood 
β(K/min) Tpi(ć) Tpi(K) 1/Tpi(K-1) ln(β/Tpi2) 
10 328.12 601.27 0.001663146 ˉ10.49550308 
15 339.05 612.2 0.001633453 ˉ10.12606785 
20 335.48 608.63 0.001643034 ˉ9.826688786 
25 345.8 618.95 0.001615639 ˉ9.637173163 
30 339.92 613.07 0.001631135 ˉ9.435760862 
 
                                          Table 6 Base data of the kinetics of pine board  
β(K/min) Tpi(ć) Tpi(K) 1/Tpi(K-1) ln(β/Tpi2) 
10 331.42 604.57 0.001654068 ˉ10.50644983 
15 341.24 614.39 0.001627631 ˉ10.13320961 
20 341.33 614.48 0.001627392 ˉ9.84582049 
25 348.58 621.73 0.001608415 ˉ9.646136005 
30 350.1 623.25 0.001604493 ˉ9.468698063 
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    According to the Kissinger method, plot of 1/T p i  versus  ln(β/T p i 2 ) , the regression curves, can be got and shown in 
Figure 3. From the straight lines, the following values are obtained: the slopes of the lines, Intercepts, R and so on. Thus Ek 
can be calculated and the results are shown in Table 7. 
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Fig. 3. Plots of ln (β /T p i 2 ) -1 /T p i  by Kissinger method of five kinds of boards 
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       Table 7 The activation energies of wooden samples by Kissinger method 
Board types Straight-line equation Slope Intercept 
Activation energy
˄kJ/mol˅ 
Frequency factor
˄min-1) R 
Density board y=ˉ23677.24xˇ29.9161 ˉ23677.24 29.91616 196.9 2.33E+14 0.9309 
Core-board y=ˉ25604.58xˇ31.4515 ˉ25604.58 31.45148 212.9 1.17E+15 0.93133 
Partical board y=ˉ24235.36xˇ31.4004 ˉ24235.37 31.40039 201.5 1.05E+15 0.99909 
Plywood y=ˉ18432.96xˇ20.2769 ˉ18432.96 20.27687 153.3 1.18E+10 0.77801 
pine board y=ˉ20128.56xˇ22.7768 ˉ20128.56 22.77677 167.3 1.57E+11 0.96602 
 
    From Table 7, it can be seen that the thermal stability of wooden boards in high temperature varies with the different 
processing technology, so does the ease of thermal degradation. The activation energies for thermal degradation of the 
wooden boards can be ranked as follows: core-board> particle board> density board> pine board> plywood, and the 
corresponding values of activation energies are: 212.9kJ/mol, 201.5kJ/mol, 196.6kJ/mol, 167.3kJ/mol and 153.3kJ/mol. The 
correlation coefficients R of the wooden boards are all above 90%, which means the curves fitting the data well, except the 
plywood board whose correlation coefficient is relatively lower to 0.77801. According to the essential rule of reaction, that 
the lower the activation energy is, the easier to catch the fire. The plywood is easiest to catch a fire, while pine board is 
harder and core-board hardest. It may be because that the nitrogen of the compounds in the glue has an inhibitory action on 
the fire, which increases the artificial boards’ fire resistance. 
 3.2.2. The Coats-Redfern method 
    Assumed n=1, we can get the equation of high correlation coefficient, which indicates that the reaction fits the 
mechanism of first-order reaction models. The characteristic parameters of wooden boards, at different temperature in the 
second stage under the heating rate of 20k/min, are shown from Table8 to Table 12. 
                           Table 8. Base data of the kinetics of density board in the main stage of thermal degradation  
T˄ć˅ T(K) 1/T(K-1) α ln[-ln(1-α)/T2] 
240 513.15 0.001948748 0.049041286 ˉ15.47119219 
270 543.15 0.001841112 0.113822543 ˉ14.70807504 
300 573.15 0.001744744 0.265774168 ˉ13.87690757 
330 603.15 0.001657962 0.476006571 ˉ13.24086026 
360 633.15 0.001579405 0.612699505 ˉ12.95423084 
                            Table 9. Base data of the kinetics of core-board in the main stage of thermal degradation 
T˄ć˅ T(K) 1/T(K-1) α ln[-ln(1-α)/T2] 
260 533.15 0.001875645 0.045805335 ˉ15.61760814 
290 563.15 0.001775726 0.119702183 ˉ14.72677018 
320 593.15 0.001685914 0.279954398 ˉ13.88429351 
350 623.15 0.00160475 0.524825343 ˉ13.16519086 
380 653.15 0.001531042 0.696919065 ˉ12.78650949 
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                           Table 10. Base data of the kinetics of particle board in the main stage of thermal degradation 
T˄ć˅ T(K) 1/T(K-1) α ln[-ln(1-α)/T2] 
250 523.15 0.001911498 0.073971578 ˉ15.08563169 
280 553.15 0.001807828 0.158819964 ˉ14.38601367 
310 583.15 0.001714825 0.362111894 ˉ13.53630279 
340 613.15 0.001630922 0.571853421 ˉ13.00175232 
370 643.15 0.001554847 0.656505185 ˉ12.86642224 
                            Table 11. Base data of the kinetics of plywood in the main stage of thermal degradation 
T˄ć˅ T(K) 1/T(K-1) α ln[-ln(1-α)/T2] 
250 523.15 0.001911498 0.067752659 ˉ15.17675455 
280 553.15 0.001807828 0.13544095 ˉ14.55859249 
310 583.15 0.001714825 0.292697566 ˉ13.79734757 
340 613.15 0.001630922 0.538460954 ˉ13.09445146 
370 643.15 0.001554847 0.690450956 ˉ12.77349942 
                            Table 12 Base data of the kinetics of pine board in the main stage of thermal degradation 
T˄ć˅ T(K) 1/T(K-1) α ln[-ln(1-α)/T2] 
250 523.15 0.001911498 0.058179794 ˉ15.33413288 
280 553.15 0.001807828 0.106287849 ˉ14.81720305 
310 583.15 0.001714825 0.217711697 ˉ14.14121715 
340 613.15 0.001630922 0.490335863 ˉ13.23173944 
370 643.15 0.001554847 0.713249915 ˉ12.71029726 
 
The fitting curves about ln[ - ln(1 -α)/T 2] -1 /T  can be obtained from the above sets of data with the help of Origin 
software, as shown in Figure 4. 
Use linear regression to ln[-ln(1-α)/T2] with 1/Tp in figure 4, the results as shown in Table13. 
                   Table 13. The activation energies of wooden samples by Coats-Redfern method 
Board types Straight-line equation Slope 
Activation energy
˄kJ/mol˅ R 
Density board y=ˉ7088.83xˉ1.61365 ˉ7088.83 58.9 0.9309 
Core-board y=ˉ8434.14xˇ0.25655 ˉ8434.14 70.1 0.99634 
Partical board y=ˉ6597.85xˉ2.40064 ˉ6597.85 54.9 0.98464 
Plywood y=ˉ7053.64xˉ1.71976 ˉ7053.64 58.6 0.99589 
Pine board y= ˉ7631.41xˉ0.89048 ˉ7631.41 63.4 0.99171 
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Fig4. Plots of 1 /T̚ ln [ - ln (1 - α) / T 2 ]  by Coats-Redfern method of five kinds of boards 
 
           
    From Table 13, it can be seen that activation energy of the wooden boards in thermal degradation and stability of them 
can be ranked as follows: core-board> pine board> density board> plywood> particle board, and the corresponding values 
of activation energy are: 70.1kJ/mol, 63.4 kJ/mol, 58.9 kJ/mol, 58.6 kJ/mol and 54.9 kJ/mol. All the correlation coefficients 
of the five wooden boards are all above 90%, which means the curves fitting the data well. Upon the results above, under 
high temperature, the thermal stability of core-board is best while particle board second and pine board worst. The reason 
for different calculation of the two methods will be discussed in detail in 2.2.3. In terms of the processing technology, 
plywood belongs to the artificial veneer wooden board, which is made by a core veneer covered with one or two layers of 
veneer by adhesive and hot pressing. The properties of plywood depend on the materials of core veneer, therefore, it's more 
similar to natural wood than the other boards. 
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 3.2.3. The comparison and analysis of the results by the two methods   
    The results of the activation energies calculated by the two methods are shown as Table 14. 
                              Table 14 The calculation of activation energies by Kissinger method and Coats-Redfern method 
Ek(kJ/mol) Density board Core-board Particle board Plywood Pine board 
Kissinger method 196.85 212.88 201.49 153.25 167.35 
Coats-Redfern method 58.94 70.12 54.85 58.64 63.45 
 
    The comparison of results shows that though each method can reflect the differences among the wooden boards in the 
thermal degradation, the calculation differs a lot. The activation energies calculated by Kissinger method are higher than 
Coats-Redfern method. The reason may be that the calculation of Coats-Redfern method are average values of activation 
energies in the whole main weight-loss stage, while in the Kissinger method they are values of specific points under the 
maximum weight loss rate. Therefore, the energy needed to approach the maximum weight loss rate is far more than 
average energy required to react during a temperature interval. 
    To explain the results of two methods from this angle, the conclusion can be made that core-board’s activation energies 
are high whether in given points or during a temperature range, so it is harder to pyrolyse. As for particle board and pine 
board, they are hard to pyrolyse for their relatively higher activation energies at the tiptop temperatures of pyrolysis 
(315.97ć, 341.33ć). But they are easy to pyrolyse during a temperature interval (the second stage) according to the 
average activation energy, which attributes a lot to their internal structures. By contrast, because the activation energies are 
relatively lower both in temperature points and intervals, it's easy to pyrolyse for density board and plywood. 
 3.3. The deviation analysis 
    In terms of the two methods, the Kissinger method, as a differential method, could avoid errors from different 
assumptions of different reaction mechanisms. Thus, it is unnecessary to know the reaction mechanism in advance and the 
values of E can be roughly estimated rapidly. However, Kissinger considered that Eq.7 is irrelevant to reaction order and the 
calculation mostly depended on the chosen data points. Moreover, the Kissinger method only uses the tiptop temperatures of 
pyrolysis under different heating rates. Thus, the precision of the activation energy is low for assuming n=1 during the 
calculating [5]. Moreover, the assumption that the rate of reaction at the peak of the differential thermal curve is the largest 
is inappropriate [6]. The Coats-Redfern method, as an integral method, is more representative because it aims at average 
activation energies during the whole chosen reaction intervals. However, the function form of the reaction mechanism need 
to be confirmed at first because the values of activation energies vary with different reaction orders. Generally, when 
studying the thermal degradation kinetics of the common wooden boards, some scholars regarded n=1 because it's 
complicated in the situation when n≠1. So it's inaccurate to study the reaction kinetics ignoring the situation when n≠1 [7]. 
    In brief, both of the two methods have theirs advantages and disadvantages. The differential method needs explicit 
experimental data, such as dtd /D or dTd /D , while it doesn't involve deviation of temperature integrals. The problems of the 
integral method are the complexity of solving the famous temperature integral ³ T dTRTE0 )/exp( and deviation of approximation 
methods proposed. 
    Although the kinetic functions in this thesis could substantially describe the process of reaction for most solid materials, 
there are many factors contributing to the situation that the ideal mechanism is far away from the practical characteristic 
curves, such as the complexity of the non-isothermal and heterogeneous reaction, the irregular stacking, the irregular shapes 
of practical samples, and the diversity of the physical and chemical properties of materials. In this thesis, the study is on 
artificial wooden boards. In terms of the processing technology and characteristics of the wooden boards, the properties of 
the core-board and the plywood are close to the pine board, which is corresponding to the laws that the graphs represented. 
The reason may be that they are made of pine board boards or battens with glues in the process. However, the density board 
and particle board are made of wood fiber or other plant fiber by applying adhesives. In theory, the thermal stability of 
density board is better than particle board for the less gaps inside boards. But in practice, it doesn't well fit the results 
calculated by Kissinger method. Hence, the thermal stability of different wooden boards can't be judged by only one aspect 
or two. Many factors should be taken into account, such as the choice of algorithm, the influence of experiment, the 
structure of the boards and the emphasis of the analysis. 
4. Conclusion  
(1) The thermal degradation process of the five kinds of wooden boards can be divided into three stages, which are 
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dehydration drying stage, rapid decomposition stage and slow decomposition stage. 
(2) In terms of onset pyrolysis temperatures, they can be ranked as follows: pine board> core-board> plywood> particle 
board> density board. Upon the results above, it is obtained that the stability of pine board is better than the other artificial 
boards and the reaction ability of density board is the best in the early reaction stage. 
(3) In terms of the carbon residue rates, the wooden boards can be ranked as follows: particle board> density board> 
plywood> pine board> core-board. It indicates that pine board loses much mass and suffers severe damage when subjected 
to high temperature. The carbon residue rates of particle board are the highest among the artificial boards, which means it is 
only damaged a little during the process. 
(4) As for activation energies, this reaction fits the first order kinetics equation well. By analyzing the reaction kinetics of 
wooden boards using Kissinger method and Coats-Redfern method, the kinetic parameters in the main stages of thermal 
degradation are determined. Because of the deviation of Kissinger method, it can be only applied to roughly estimate. Thus, 
combining the processing technology of wooden boards and the results of two methods, the activation energies of wooden 
boards can be ranked as follows: core-board> pine board> density board> plywood> particle board. The results above 
indicate that the thermal stability of core-board is the best, which means it is the hardest one to pyrolyse and the second is 
pine board. The thermal stability of particle board is the worst, which means it is easiest to pyrolyse when suffering high 
temperatures.           
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